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Description

Field of the Invention

[0001] The present invention relates generally to a
wireless charging method, and more particularly, to a
method and a power transmitter for wireless multi-charg-

ing.

Background to the Invention

[0002] A conventional resonant type wireless charge
system includes a power transmitter equipped with a first
resonator and a power receiver equipped with a second
resonator. When the second resonator is located in a
Radio Frequency (RF) field generated by the first reso-
nator. The second resonator absorbs the RF field and
power transmission occurs.

[0003] When the second power receiver enters into a
charging area of the power transmitter (that is, an effec-
tive RF field area with a transmission power greater than
or equal to a predetermined threshold value) while the
power transmitter performs wireless-charging of the pow-
er receiver (hereinafter referred to as the first power re-
ceiver), the first power receiver absorbs most of the RF
field even though the transmission power of the power
transmitter is sufficient to charge both the first power re-
ceiver and the second power receiver. Consequently, the
power transmitter fails to charge the second power re-
ceiver.

Summary of the Invention

[0004] Accordingly, an aspect of the present invention
is to solve at least the above-described problems occur-
ring in the prior art, and to provide at leastthe advantages
described below.

[0005] An aspect of the present invention is to provide
a method and apparatus for simultaneously and evenly
charging a first power receiver and a second power re-
ceiver when charging the second power receiver is re-
quested while the first power receiver is being charged.
[0006] Another aspect of the present invention is to
provide a method and apparatus for simultaneously and
evenly charging a first power receiver and a second re-
ceiver and for preventing the first power receiver from
recognizing this as an interruption of charging when
charging the second power receiver is requested while
the first power receiver is being charged.

[0007] Accordingtoan aspect of the presentinvention,
a wireless multi-charging method of a power transmitter
that wirelessly transmits power is provided, including
sensing a first power receiver, increasing a transmission
power required for charging the first power receiver when
sensing the first power receiver, sensing a second power
receiver, decreasing the transmission power required for
suspending charging of the first power receiver when
sensing the second power receiver, and increasing the
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transmission power required for simultaneously charging
both the first power receiver and the second power re-
ceiver.

[0008] According to another aspect of the present in-
vention, a power transmitter for wireless multi-charging
is provided. including a resonator configured to generate
a Radio Frequency (RF) field, and to wirelessly transmit
power to a first power receiver and a second power re-
ceiver through the RF field, a sensor unit configured to
sense the first power receiver and the second power re-
ceiver, and a controller configured increase a transmis-
sion power to charge the first power receiver when the
first power receiver is sensed, decrease the transmission
power to suspend charging the first power receiver when
the second power receiver is sensed, and increase the
transmission power to simultaneously charge the first
power receiver and the second power receiver.

Brief Description of the Drawings

[0009] The above and other aspects, features, and ad-
vantages of the present invention will be more apparent
from the following detailed description taken in conjunc-
tion with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a wireless multi-
charge system according to an embodiment of the
present invention;
FIG. 2 is a flowchart illustrating a wireless multi-
charging method according to an embodiment of the
present invention:

FIGs. 3A through 5C are diagrams illustrating a
charge pause step and second charge step, ac-
cording to an embodiment of the present inven-
tion; and

FIGs. 6 and 7 are signal flow diagrams illustrat-
ing a wireless multi-charging method according
to an embodiment of the present invention.

Description of Embodiments of the Invention

[0010] Hereinafter, various embodiments of the
present invention will be described with reference to the
accompanying drawings. In the following description, like
elements will be designated by like reference numerals
throughout the drawings. Further, definitions in the fol-
lowing description are provided only to aid in the general
understanding of the present invention. Further, in the
following description of the present invention, a detailed
description of known functions and configurations is omit-
ted to avoid obscuring the subject matter of the present
invention.

[0011] Hereinafter, in the embodiments of the present
invention, an ordinal number, such as first, second, or
the like may be used. Such terminology is not used to
indicate importance, order or sequence of a correspond-
ing component but merely used to distinguish the corre-
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sponding component or step from other components or
steps.

[0012] FIG. 1is a diagram illustrating a wireless multi-
charge system according to an embodiment of the
present invention. A wireless multi-charge system 10 in-
cludes a power transmitter (TX) 100 and a power receiver
(RX) 200.

[0013] The power transmitter 100 includes a power
supplying unit 110, a driving unit 120, a first resonator
130, a first sensor unit 140, a first communication unit
150, a first display unit 160, a first controller 170, and a
first memory 180.

[0014] The power supplying unit 110 is connected to
an external power and outputs, to the first controller 170,
a signal indicating a connection state (an on/off state, a
provided voltage, and the like) with the external power,
and supplies, to the driving unit 120, power (voltage
and/or current) based on the control of the first controller
170. Alternatively, the power supplying unit 110 supplies.
to the driving unit 120, power of a predetermined level.
[0015] The driving unit 120 converts or adjusts power
supplied from the power supplying unit 110 based on the
first controller 170 generating a driving signal for the first
resonator 130, and outputting the generated driving sig-
nal to the first resonator 130. The driving signal includes
a pulse or a sine wave having a predetermined cycle.
[0016] The first resonator 130 generates an RF field
based on the driving signal. The first resonator 130 is
provided in a planar shape, and an RF field strength on
a surface of the first resonator 130 shows a generally
even distribution or a loose distribution on the center of
the surface and a dense distribution on the margin of the
surface.

[0017] The first sensor unit 140 senses whether the
power receiver 200 is located within a charging area of
the first resonator 130, and outputs sensed information
to the first controller 170. The first sensor unit 140 meas-
ures a signal in the driving unit 120 or the first resonator
130 (for example, a change in a waveform of a periodic
pulse provided to the first resonator 130), which is
changed based on a change in a load impedance value
in the driving unit 120, a change in a resonant frequency
value of the first resonator 130. or a change in an RF
field, determines that the power receiver 200 is located
in the charging area when the changed value is greater
than or equal to a predetermined threshold value, and
outputs a result of the determination to the first controller
170. Alternatively, the first sensor unit 140 outputs, to the
first controller 170, the road impedance value, the reso-
nant frequency value, or other signal values, or informa-
tion regarding the changed value, and the first controller
170 determines that the power receiver 200 is located in
the charging area when the changed value of the signal
that is a target of the measurement is greater than or
equal to a predetermined threshold.

[0018] The first communication unit 150 wirelessly
transmits, to the power receiver 200, a Downlink (DL)
data signal input from the first controller 170, and outputs,
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to the first controller 170, an Uplink (UL) data signal wire-
lessly received from the power receiver 200. Each of the
UL data signal and DL data signal formats include a mes-
sage, a packet, or a frame that includes a header and a
payload as a basic configuration. Each data signal in-
cludes information for wireless charging. The first com-
munication unit 150 corresponds to an out-band commu-
nication device (or module) that uses external frequen-
cies other than a frequency for power transmission such
as Zigbee, Near Field Communication (NFC), Blue-
tooth®, Wifi, Radio Frequency ldentification (RFID), or
the like, or correspond to an in-band communication de-
vice that modulates a frequency used for power trans-
mission for communication.

[0019] The first display unit 160 displays, based on the
control of the first controller 170. a power supply state, a
charge state, an error situation, a number of power re-
ceivers that are being charged, and the like. The first
display unit 160 is implemented as a touch screen, a
Liquid Crystal Display (LCD), a Light Emitting Diode
(LED) array and the like.

[0020] The first controller 170 controls the driving unit
120 (and the power supplying unit 110) based on infor-
mation received from the first sensor unit 140, information
obtained through communication with the power receiver
200, and the like, so as to adjust a transmission power
transferred to the power receiver 200 through the first
resonator 130. The first controller 170 performs general
functions or steps described below, by controlling other
component elements in the power transmitter 100.
[0021] The first memory 180 stores a database indi-
cating information to be transmitted to the power receiver
200 for charging, information received from the power
receiver 200, and identification information regarding
chargeable power receivers. The first memory 180 is im-
plemented as a Non-Volatile Memory (NVM) such as a
Solid State Disk (SSD), a flash memory card, a Read
Only Memory (ROM), and the like, or a volatile memory
such as a Random Access Memory (RAM) and the like.
[0022] The power receiver 200 includes a second res-
onator 210, a power converting unit 220, a second sensor
unit 230, a second communication unit 240, a second
display unit 250, a second controller 260, and a second
memory 270.

[0023] The second resonator 210 generates a power
signal by absorbing an RF field of the power transmitter
100. That is, the second resonator 210 receives power
by absorbing the RF field because the second resonator
210is located in the RF field created by the first resonator
130. The second resonator 210 is provided in a planar
shape.

[0024] The power converting unit 220 is connected to
atarget device to be charged (a portable communication
terminal such as a portable phone, a Personal Digital
Assistant (PDA), a Portable Multimedia Player (PMP),
an MP3 player, and the like), converts the power signal
into a charging voltage for charging the target device,
and provides the charging voltage to the target device.
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The power converting unit 220 outputs, to the second
controller 260, a signal indicating a charge state of the
target device.

[0025] The second sensor unit 230 senses whether
the power receiver 200 is located in the charging area of
the first resonator 130, and outputs the sensed informa-
tion to the second controller 260. The second sensor unit
230 measures a change in a resonant frequency value
of the second resonator 210 or a change in an output of
the second resonator 210, determines that the second
resonator 210 of the power receiver 200 is located in the
charging area when the changed value is greater than
or equal to a predetermined threshold value, and outputs
aresult of the determination to the second controller 260.
Alternatively, the second sensor unit 230 outputs, to the
second controller 260, the resonant frequency value or
the output value of the second resonator 210, or infor-
mation regarding the changed value, and the second
controller 260 may determine that the power receiver 200
is located in the charging area when the changed value
of a signal that is a target to be measured is greater than
or equal to a predetermined threshold value.

[0026] The second communication unit 240 wirelessly
transmits, to the power transmitter 100. a UL data signal
input from the second controller 260, and outputs, to the
second controller 260, a DL data signal wirelessly re-
ceived from the power transmitter 100. Each data signal
includes information for wireless charging. The second
communication unit 240 is a communication device that
is operated based on a communication scheme (includ-
ing an used frequency, a protocol, and the like) of the
first communication unit 150. The communication
scheme of the first and the second communication units
150 and 240 is determined through bilateral discussion
or notification or selection by the first communication unit
150. or predetermined.

[0027] The second display unit 250 displays a charge
state, an error situation, and the like based on the control
of the second controller 260. As the second display unit
250, a touch screen, an LCD, an LED array, and the like
is used.

[0028] The second controller 260 charges the target
device based on information received from the second
sensor unit 230, information obtained through communi-
cation with the power transmitter 100. and the like, and
transmits information regarding an amount of power re-
quired for charging and the like to the power transmitter
100 through the second communication unit 240. The
second controller 260 performs general functions or
steps described below, by controlling other component
elements included in the power receiver 200.

[0029] The second memory 270 stores information to
be transmitted to the power transmitter 100 for charging,
information received from the power transmitter 100, and
the like. The second memory 270 is a non-volatile mem-
ory, a volatile memory, and the like.

[0030] The power receiver 200 is referred to as a first
power receiver (RX1) in the following description.
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[0031] FIG. 2is aflowchartillustrating a wireless multi-
charging method according to an embodiment of the
present invention. FIGs. 3A through 5C are diagrams il-
lustrating a charge pause step and second charge step.
A second power receiver 300 has the same configuration
as the first power receiver 200 of FIG. 1.

[0032] The method includes a detection Step S110, a
first registration Step S120, a first configuration Step
S130, a first charge Step S140, a discovery Step S150,
a second registration Step S160, a second configuration
Step S170, a charge pause Step S180, and a second
charge Step S190.

[0033] Inthe detection Step S110, the power transmit-
ter 100 periodically supplies a pulse having a low power
to the first resonator 130, monitors a load on the first
resonator 130, and senses that an object to be charged
(that is, the first power receiver 200) enters into a charg-
ing area of the power transmitter 100 when a change in
the load occurs. When the first power receiver 200 is
sensed, the power transmitter 100 increases a transmis-
sion power to a predetermined first power level, supplying
to the first power receiver 200, an amount of power that
is sufficient for communication. Although it is described
thatthe power transmitter 100 increases the transmission
power to the predetermined first power level (that is, a
communication power level) after the first power receiver
200 is sensed, so as to avoid unnecessary power con-
sumption, alternatively the power transmitter 100 trans-
mits power at the first power level from the monitoring
step. Alternatively, a large amount of power may not be
required for communication and a communication power
may not need to be provided depending on the purpose
of use and thus, the power transmitter 100 may not pro-
vide power for communication.

[0034] Inthefirstregistration Step S120, the first power
receiver 200 requests, from the power transmitter 100,
registration for charging, and the power transmitter 100
analyzes first identification information received from the
first power receiver 200, and allows the registration of
the first power receiver 200 when a result of the analysis
satisfies predetermined criteria. For example, the prede-
termined criteria includes information regarding a man-
ufacturer, a product, a security, and the like, or the reg-
istration is allowed only when the manufacturer is iden-
tical.

[0035] In the first configuration Step S130, the first
power receiver 200 provides, to the power transmitter
100, configuration information regarding an amount of
power required for charging and the like, and the power
transmitter 100 analyzes the received configuration in-
formation and allows charging the first power receiver
200 when a result of the analysis satisfies predetermined
criteria. For example, the power transmitter 100 may al-
low charging the first power receiver 200 when the
amount of power required for charging is less than or
equal to an amount of available power. The amount of
available power is set in advance and stored in the first
memory 180 or calculated by the first controller 170.
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[0036] In the first charge Step S140, the power trans-
mitter 100 increases a transmission power to a predeter-
mined second power level, supplying to the first power
receiver 200. an amount of power that is sufficient for
charging. During the first charge Step S140, the power
transmitter 100 and the first power receiver 200 ex-
change information required for charging.

[0037] Inthe discovery Step S150, the power transmit-
ter 100 detects the second powerreceiver 300 that enters
into the charging area while the first power receiver 200
is being charged. That is, the power transmitter 100 mon-
itors a load on the first resonator 130 even after the de-
tection Step S110, and senses that the second power
receiver 300 enters into the charging area when a change
in the load occurs. When the second power receiver 300
is sensed, the power transmitter 100 increases a trans-
mission power to a predetermined third power level, sup-
plying to the second power receiver 300, an amount of
power that is sufficient for communication, and simulta-
neously, to maintain charging the first power receiver
200. The discovery Step S150 is selectively omitted. Al-
though it is described that the power transmitter 100 in-
creases the transmission power to the predetermined
third power level (that is, a communication and charging
power level) after the second power receiver 300 is
sensed so as to avoid unnecessary power consumption,
alternatively the power transmitter 100 transmits power
at the third power level from the first charge Step S140.
[0038] In the second registration Step S160, the sec-
ond power receiver 300 requests, from the power trans-
mitter 100, registration for charging, and the power trans-
mitter 100 analyzes second identification information re-
ceived from the second power receiver 300. and allows
the registration of the second power receiver 300 when
a result of the analysis satisfies predetermined criteria.
[0039] Inthe second configuration Step S170, the sec-
ond power receiver 300 provides, to the power transmit-
ter 100, configuration information regarding an amount
of power required for charging and the like, and the power
transmitter 100 analyzes the received configuration in-
formation and allows charging the second power receiver
300 when a result of the analysis satisfies predetermined
criteria.

[0040] In the charge pause Step S180, the power
transmitter 100 increases a transmission power to a pre-
determined fourth power level during a predetermined
period of time, so as to suspend charging the first power
receiver 200, and simultaneously, to provide, to the first
and second power receivers 200 and 300, an amount of
power that is sufficient for communication. Unlike this
example, the power transmitter 100 shuts off transmis-
sion power during a predetermined period of time.
[0041] In the second charge Step S190, after the pre-
determined time, the power transmitter 100 increases
the transmission power to a predetermined fifth power
level so as to provide, to the first and second power re-
ceivers 200 and 300, an amount of power thatis sufficient
for charging. During the second charge Step S190, each
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of the first and second power receivers 200 and 300 and
the power transmitter 100 exchange information required
for charging. The fifth power level is greater than or equal
to a sum of a power level required by the first power
receiver 200 and a power level required by the second
power receiver 300. The relationship between the first
through fifth power levels (P1 through P5) is P1 < P2 <
P4 < P3 < P5.

[0042] FIGs. 3A through 5C are diagrams illustrating
the charge pause Step S180 and the second charge Step
S190.

[0043] FIGs. 3A and 3B illustrate a case in which the
first power receiver 200 is mounted (or proximally posi-
tioned) on a surface of the first resonator 130 of the power
transmitter 100, and is charged. FIG. 3A is a planar view
of the first resonator 130 and the first power receiver 200,
and FIG. 3B is a side view of the first resonator 130 and
the first power receiver 200. Before the first power re-
ceiver 200 is mounted, a distribution of an RF field on
the surface of the first resonator 130 is maintained to be
an initial state (a generally even distribution or loose dis-
tribution in the center and a dense distribution in the mar-
gin). When the first power receiver 200 is mounted and
is charged, the first power receiver 200 absorbs the RF
field and power transmission is performed. The first pow-
er receiver 200 absorbs most of the RF field generated
by the first resonator 130 and thus, the RF field distribu-
tion on the first resonator 130 is concentrated on the first
power receiver 200 side. That is a space density of an
RF field in an area occupied by the first power receiver
200 in the entire charging area is excessively increased
and thus, a space density of an RF field in a remaining
area is excessively decreased.

[0044] FIGs. 4A and 4B illustrate a case in which the
second power receiver 300 is mounted (or proximally po-
sitioned) on a surface of the first resonator 130 while the
first power receiver 200 is being charged. FIG. 4A is pla-
nar view of the firstresonator 130 and the firstand second
power receivers 200 and 300, and FIG. 4B is a side view
of the first resonator 130 and the first and second power
receivers 200 and 300. As described above, the first pow-
er receiver 200 absorbs most of an RF field generated
by the first resonator 130 and thus, a distribution of the
RF field on the first resonator 130 is concentrated on the
first power receiver 200 side. Accordingly, a space den-
sity of an RF field in an area occupied by the second
power receiver 300 is excessively decreased. Therefore,
although a transmission power of the power transmitter
100 is sufficient to charge the first and second power
receivers 200 and 300, a strength (or an amount) of an
RF field that the second power receiver 300 absorbs is
insufficient for charging and the second power receiver
300 is not charged.

[0045] FIGs. 5A through 5C illustrate a case in which
charging the first power receiver 200 is suspended and
the first and the second power receivers 200 and 300 are
simultaneously charged after a predetermined time when
the second power receiver 300 is mounted (or proximally
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positioned) on a surface of the first resonator 130 while
the first power receiver 200 is being charged. FIG. 5A is
a planar view of the first resonator 130 and the first and
second power receivers 200 and 300, and FIGs. 5B and
5C are side views of the first resonator 130 and the first
and second receivers 200 and 300. As described in FIG.
4, in a state where the first power receiver 200 absorbs
most of the RF field generated by the first resonator 130,
when the second power receiver 300 is mounted on the
first resonator 130, the second power receiver 300 is not
charged. Asillustrated in FIG. 5B, the power receiver 100
shuts off a transmission power during a predetermined
time. Therefore, an RF field is not output from the first
resonator 130. Desirably, the power transmitter 100 may
decrease a transmission power to the predetermined
fourth power level so as to suspend charging the first
power receiver 200, and simultaneously, to provide, to
the first and second power receivers 200 and 300, only
an amount of power that is sufficient for communication.
As described in FIG. 5C, after the predetermined time,
the power transmitter 100 increases the transmission
power to the predetermined fifth power level so as to
provide both the first and second power receivers 200
and 300 with an amount of power that is sufficient for
charging.

[0046] As described above, the power transmitter 100
may not immediately increase the transmission power
and may decrease the transmission power for a while
when the second power receiver 300 is mounted, so as
to decrease an amount of power transferred to the first
power receiver 200 and to reset the distribution of the RF
field. Although power is supplied to the second commu-
nication unit 240 and the second controller 260 of each
power receiver 200 and 300, an amount of the power
supplied to a target device is insufficient for charging.
Accordingly, the power converting unit 220 of each power
receiver 200 and 300 maintains a charge Integrated Cir-
cuit (IC) in the target device to recognize that charging
is maintained. For example, the power converting unit
220 may maintain a state in which little current flows al-
though a voltage applied to the charge IC is 5V (a charg-
ing voltage).

[0047] FIGs. 6 and 7 are signal flow diagrams illustrat-
ing a wireless multi-charging method according to an em-
bodimentof the presentinvention. FIGs. 6 and 7 illustrate
detailed steps of each step in FIG. 2.

[0048] Inthe detection Step S110, the power transmit-
ter 100 periodically supplies a pulse having a low power
to the first resonator 130, and monitors a load on the first
resonator 130 and thus, monitors whether the first power
receiver 200 is mounted in Step S210. In the monitoring
step, a signal periodically output from the power trans-
mitter 100 is referred to as a ping signal. When the first
power receiver 200 is sensed, the power transmitter 100
increases a transmission power to a predetermined first
power level supplying to the first power receiver 200, an
amount of power that is sufficient for communication (or
an amount of power for controlling the first power receiver
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200) in Step S212.

[0049] Inthefirstregistration Step S120, the first power
receiver 200 transmits, to the power transmitter 100, a
registration request message (Request Join Message)
including first identification information such as a manu-
facturer, a serial number and/or a security code, and the
like, for registration in the power transmitter 100 in Step
S$220. When the Request Join Message is received, the
power transmitter 100 compares the first identification
information and identification information stored in ad-
vance, and determines that charging the first power re-
ceiver 200 is allowed when the first identification infor-
mation and the identification information are identical to
one another, allocates a communication ID to the first
power receiver 200, and transmits, to the first power re-
ceiver 200, a registration response message (Response
Join Message) including the communication ID in Step
S222. When the Response Join Message is received,
the first power receiver 200 transmits, to the power trans-
mitter 100, an acknowledgement message (Ack Mes-
sage) that acknowledges normal reception in Step S224.
Adatabaseindicating identification information regarding
chargeable powerreceivers is stored in the first controller
170 or in a memory included in the first controller 170, or
in the first memory 180 separately included in the power
transmitter 100.

[0050] In the first configuration Step S130, the first
power receiver 200 transmits, to the power transmitter
100, a charging request message (Request Charge Mes-
sage) including configuration information for charging,
such as a grade of power required for charging and/or
an amount of power required for charging in Step S230.
When the Request Charge Message is received, the
power transmitter 100 analyzes the received configura-
tion information and allows charging the first power re-
ceiver 200 when a result of the analysis satisfies prede-
termined criteria. For example, when the amount of pow-
er required for charging is less than or equal to an amount
of available power, the power transmitter 100 allows
charging the first power receiver 200 and transmits, to
the first power receiver 200, a charging response mes-
sage (Response Charge Message) indicating whether
the request for charging is allowed or rejected in Step
S232. When the Response Charge Message is received,
the first power receiver 200 transmits, to the power trans-
mitter 100, an Ack Message that acknowledges normal
reception in Step S234.

[0051] In the first charge Step S140, the power trans-
mitter 100 increases the transmission power to a prede-
termined second power level supplying to the first power
receiver 200, an amount of power that is sufficient for
charging in Step S244. The power transmitter 100 may
transmit, to the first power receiver 200, a notice message
(Notice Message) including charge state information
such as sync information, charge start information, reset
information, charge finish information and/or an error sit-
uation, and the like, periodically or every time an event
occurs in Step S240. The first power receiver 200 trans-
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mits, to the power transmitter 100, a report message (Re-
port Message) including charge state information such
as an amount of power required for charging (voltage
and current), an amount of power (voltage and current)
received from the power transmitter 100, a charge state,
an error situation, and the like, periodically or every time
an event occurs in Step S242.

[0052] In the discovery Step S150, when the power
transmitter 100 detects the second power receiver 300
while the first power receiver 200 is being charged, the
power transmitter 100 increases the transmission power
to a predetermined third power level supplying to the sec-
ond power receiver 300, an amount of power that is suf-
ficient for communication, and simultaneously, to main-
tain charging the first power receiver 200 in Step S250.
[0053] In the second registration Step S160, the sec-
ond power receiver 300 transmits, to the transmitter 100,
a Request Join Message including second identification
information, such as a manufacturer, a serial number
and/or a security code, and the like, for registration in the
power transmitter 100 in Step S260. When the Request
Join Message is received, the power transmitter 100
compares the second identification information and iden-
tification information stored in advance, determines that
charging the second power receiver 300 is allowed when
the second identification information and the identifica-
tion information are identical to one another, allocates a
communication ID to the second power receiver 300, and
transmits a Response Join Message including the com-
munication ID to the second power receiver 300 in Step
S262. When the Response Join Message is received,
the second power receiver 300 may transmit, to the pow-
er transmitter 100, an Ack Message that acknowledges
normal reception in Step S264.

[0054] Inthe second configuration Step S170, the sec-
ond power receiver 300 transmits, to the power transmit-
ter 100, a Request Charge Message including configu-
ration information for charging, such as a grade of power
required for charging and/or an amount of power required
for charging, and the like in Step S270. When the Request
Charge Message is received, the power transmitter 100
analyzes the received configuration information, allows
charging the second power receiver 300 when a result
ofthe analysis satisfies predetermined criteria, and trans-
mits, to the second power receiver 300, a Response
Charge Message indicating whether the request for
charging is allowed or rejected in Step S272. When the
Response Charge Message is received, the second pow-
er receiver 300 transmits, to the power transmitter 100,
an Ack Message that acknowledges normal reception in
Step S274.

[0055] In charge pause Step S180 and the second
charge Step S190. the power transmitter 100 decreases
the transmission power to a predetermined fourth power
level during a predetermined period of time, so as to sus-
pend charging the first power receiver 200, and simulta-
neously, to supply, to the first and second power receiv-
ers 200 and 300, an amount of power that is sufficient
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for communication in Step S280. After the predetermined
period of time, the power transmitter 100 increases the
transmission power to a predetermined fifth power level
supplying to the first and second power receivers 200
and 300, an amount of power that is sufficient for charging
in Step S294. The power transmitter 100 transmits, to
the first power receiver 200 and/or the second power
receiver 300, a Notice Message including charge state
information such as sync information, charge start infor-
mation, reset information, charge finish information
and/or an error situation, and the like, periodically or eve-
rytime an eventoccursin Step S290. Thefirstand second
power receivers 200 and 300 transmit, to the power trans-
mitter 100, a Report Message including charge state in-
formation such as an amount of power (voltage and cur-
rent) required, an amount of power (voltage and current)
received from the power transmitter 100, a charge state,
an error situation, and the like, periodically or every time
an event occurs in Step S292. For example, the power
transmitter 100 may transmit, to the first power receiver
200 (and the second power receiver 300), a Notice Mes-
sage indicating a reset state before decreasing the trans-
mission power, and may transmit, to the first and the sec-
ond power receivers 200 and 300, a Notice Message
indicating a charge start, immediately before or after in-
creasing the transmission power alter the predetermined
period of time.

[0056] Accordingtoembodiments ofthe presentinven-
tion, when a second power receiver or a third power re-
ceiver is mounted on a power transmitter while a first
power receiver is being charged, an RF field that the first
power receiver absorbs is canceled so that the second
or third power receiver may begin charging, and simul-
taneously, the first receiver is continuously charged with-
out interruption.

[0057] That is, according to embodiments of the
presentinvention, an RF field is decreased during a short
period of time when multi-charging is started so that the
RF field is reset and the RF field is distributed again and
the multi-charging may smoothly begin.

[0058] Additionally, according to an embodiment of the
present invention, when a second power receiver and a
third power receiver arc mounted on a power transmitter
while the power transmitter charges a first power receiv-
er, an RF field is canceled so that charging begins
smoothly and interruption of charging the first power re-
ceiver is prevented from being displayed on a User In-
terface (Ul).

[0059] It will be apparent to those of ordinary skill in
the art that embodiments of the presentinvention can be
implemented in the form of hardware, software or a com-
bination of hardware and software. Software is stored in
a volatile or non-volatile storage device such as Read
Only Memory (ROM) and the like irrespective of erasing
or rewriting, a memory such as a Random Access Mem-
ory (RAM), a memory chip, a device, and a integrated
circuit, or a storage medium thatis capable of performing
optical or magnetic recording and machine-reading such
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as Compact Disc (CD), Digital Versatile Disc (DVD), op-
tical disc, magnetic tape, and the like. A memory that is
included in a power transmitter or a power receiver in-
cludes machine-readable storage media that are suitable
for storing a program including instructions to implement
the embodiments, or programs. Therefore, the embodi-
ments of the present invention include a program includ-
ing a code to implement an apparatus or a method and
a machine-readable storage medium including the pro-
gram, for example, a computer-readable storage medi-
um. The program is transferred electronically through a
medium such as a communication signal transferred
through a wired or wireless connection, and the invention
may appropriately include an equivalent medium.
[0060] It vill be apparent to those of ordinary skill in the
art that, the power transmitter or the power receiver, ac-
cording to an embodiment of the present invention, re-
ceives a program from a program providing device that
is a wiredly or wirelessly connected, and stores the pro-
gram. The program providing device includes a program
including instructions to instruct the power transmitter or
the power receiver to perform a predetermined wireless
multi-charging method, a memory storing information re-
quired for the wireless multi-charging method and the
like, a communication unit to perform wired or wireless
communication with the power transmitter or the power
receiver, and a controller to transmit the program to the
power transmitter or the power receiver, automatically or
in response to the request from the power transmitter or
the power receiver.

[0061] While the present invention has been shown
and described with reference to various embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and detail may be made
without departing from the scope of the present invention
as defined by the appended claims.

[0062] The following is a list of further preferred em-
bodiments of the invention:

Embodiment 1. A wireless multi-charging method of
a power transmitter that wirelessly transmits power,
the method comprising:

sensing a first power receiver;

increasing a transmission power required for
charging the first power receiver when sensing
the first power receiver;

sensing a second power receiver;

decreasing the transmission power required for
suspending charging of the first power receiver
when sensing the second power receiver; and

increasing the transmission power required for
simultaneously charging both the first power re-
ceiver and the second power receiver.
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Embodiment 2. The method of embodiment 1, further
comprising:

supplying, to the first power receiver, a commu-
nication power required for communication with
the first power receiver.

Embodiment 3. The method of embodiment 1 or 2,
further comprising:

receiving a registration request message from
the first power receiver; and

transmitting, to the first power receiver, a regis-
tration response message including identifica-
tion information of the first power receiver, in re-
sponse to the registration request message.

Embodiment 4. The method of embodiment 3, further
comprising:

comparing identification information received
through the registration request message and
identification information stored in advance; and

allowing registration of the first power receiver
when the received identification information is
identical to the identification information stored
in advance.

Embodiment 5. The method of any one of embodi-
ments 1 to 4, further comprising:

receiving, from the first power receiver, a charg-
ing request message including information re-
garding an amount of power required for charg-
ing; and

transmitting, to the first power receiver, a charg-
ing response message that allows the request
for charging, in response to the charging request
message.

Embodiment 6. The method of embodiment 5, further
comprising:

comparing the amount of power required for
charging and an amount of available power; and

allowing the request for charging when the
amount of power required for charging is less
than or equal to the amount of available power.

Embodiment 7. The method of any one of embodi-
ments 1 to 6, further comprising:

transmitting, to the first power receiver, a notice
message including first charge state information
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of the power transmitter; and

receiving, from the first power receiver, a report
message including second charge state infor-
mation of the first power receiver.

Embodiment 8. The method of embodiment 7,
wherein the first charge state information includes
sync information, charge start information, reset in-
formation, charge finish information, or an error sit-
uation, and the second charge state information in-
cludes an amount of power required for charging, an
amount of power received from the power transmit-
ter, a charge state, or an error situation.

Embodiment 9. The method of any one of embodi-
ments 1 to 8, further comprising:

supplying, to the second power receiver, a com-
munication power required for communication
with the second receiver when the second power
receiver is sensed.

Embodiment 10. The method of any one of embod-
iments 1to 9, wherein, when the transmission power
is decreased, a communication power required for
communication with the first power receiver and the
second power receiver is supplied to the first power
receiver and the second power receiver.

Embodiment 11. A power transmitter for wireless
multi-charging, the power transmitter comprising:

aresonator configured to generate a Radio Fre-
quency (RF) field, and to wirelessly transmit
power to a first power receiver and a second
power receiver through the RF field;

a sensor unit configured to sense the first power
receiver and the second power receiver; and

a controller configured to increase a transmis-
sion power to charge the first power receiver
when the first power receiver is sensed, de-
crease the transmission power to suspend
charging the first power receiver when the sec-
ond power receiver is sensed, and increase the
transmission power to simultaneously charge
the first power receiver and the second power
receiver.

Embodiment 12. The power transmitter of embodi-
ment 11, further comprising:

a communication unit configured to perform
wireless communication with the first power re-
ceiver and the second power receiver,
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wherein the controller is further configured to re-
ceive a registration request message from the
first power receiver, and transmit, to the first
power receiver, a registration response mes-
sage including identification information of the
first power receiver, in response to the registra-
tion request message.

Embodiment 13. The power transmitter of embodi-
ment 12, further comprising:

a memory configured to store identification in-
formation regarding chargeable power receiv-
ers,

wherein the controller is further configured to
compare identification information received
through the registration request message and
identification information stored in the memory,
and allow registration of the first power receiver
when the received identification information is
identical to identification information stored in
advance.

Embodiment 14. The power transmitter of any one
of embodiments 11 to 13, wherein the controller is
further configured to receive, from the first power re-
ceiver, a charging request message including infor-
mation regarding an amount of power required for
charging, compare the amount of power required for
charging and an amount of available power, and
transmit, to the first power receiver, a charging re-
sponse message that allows the request for charg-
ing, in response to the charging request message,
when the amount of power required for charging is
less than or equal to the amount of available power.

Embodiment 15. The power transmitter of any one
of embodiments 11 to 14, wherein the controller is
further configured to supply, to the first power receiv-
er and the second power receiver, a communication
power required for communication with the first pow-
er receiver and the second power receiver when the
transmission power is decreased.

Claims

A power transmitter for wireless multi-charging, the
power transmitter comprising:

a resonator configured to wirelessly transmit
power to one or more power receivers; and
a controller configured to:

increase a transmission power of the reso-
nator to charge a first power receiver when
the first power receiver is located in a charg-
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ing area of the resonator;

decrease the transmission power of the res-
onator when a second power receiver is lo-
cated in the charging area of the resonator;
and

increase the transmission power of the res-
onator to charge both of the first power re-
ceiver and the second power receiver.

The power transmitter of claim 1, wherein the con-
troller is configured to decrease the transmission
power of the resonator to suspend charging of the
first power receiver when the second power receiver
is located in the charging area of the resonator.

The power transmitter of claim 1, further comprising:

a sensor configured to sense a change in aload
on the resonator,

wherein the controller is configured to sense the
first power receiver and the second power re-
ceiver through the sensor.

The power transmitter of claim 1, further comprising:

a sensor configured to sense a change in aload
on the resonator,
wherein the controller is configured to:

sense the first power receiver through the
sensor;

increase the transmission power of the res-
onator to charge the first power receiver in
response to sensing of the first power re-
ceiver;

sense the second power receiver through
the sensor; and

decrease the transmission power of the res-
onator to suspend charging of the first pow-
er receiver in response to sensing of the
second power receiver.

5. The power transmitter of claim 1, further comprising:

a communication unit configured to perform
wireless communication with the first power re-
ceiver and the second power receiver,

wherein the controller is configured to receive a
registration request message from the first pow-
er receiver, and transmit, to the first power re-
ceiver, a registration response message includ-
ing identification information of the first power
receiver, in response to the registration request
message.

6. The power transmitter of claim 5, further comprising:

a memory configured to store identification in-
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10

10.

1.

12.

formation regarding chargeable power receiv-
ers,

wherein the controller is configured to compare
identification information received through the
registration request message and identification
information stored in the memory, and allow reg-
istration of the first power receiver when the re-
ceived identification information is identical to
identification information stored in advance.

The power transmitter of claim 1, wherein the con-
troller is configured to receive, from the first power
receiver, a charging request message including in-
formation regarding an amount of power required for
charging, compare the amount of power required for
charging and an amount of available power, and
transmit, to the first power receiver, a charging re-
sponse message that allows the request for charg-
ing, in response to the charging request message,
when the amount of power required for charging is
less than or equal to the amount of available power.

The power transmitter of claim 1, wherein the con-
troller is configured to supply, to the first power re-
ceiver, a communication power required for commu-
nication with the first power receiver during charging
of the first power receiver is suspended.

The power transmitter of claim 1, wherein the con-
troller is configured to supply, to the first power re-
ceiver and the second power receiver, a communi-
cation power required for communication with the
first power receiver and the second power receiver
when the transmission power is decreased.

The power transmitter of claim 1, wherein the con-
troller is configured to:

transmit, to the first power receiver, a notice
message including first charge state information
of the power transmitter; and

receive, from the first power receiver, a report
message including second charge state infor-
mation of the first power receiver.

The power transmitter of claim 10, wherein the first
charge state information includes sync information,
charge start information, reset information, charge
finish information, or an error situation, and the sec-
ond charge state information includes an amount of
power required for charging, an amount of power
received from the power transmitter, a charge state,
or an error situation.

The power transmitter of claim 1, wherein the con-
troller is configured to supply, to the second power
receiver, a communication power required for com-
munication with the second receiver when the sec-
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